Background: Cadmium is a heavy metal having toxic effects on most organ systems of the body. Objectives: We aim to investigate the postulated protec-
Introduction
Cadmium (Cd) is a heavy metal having toxic effects on most organ systems of the body [1] . In fact, this environmental pollutant is ranked among the top toxic substances [2] . Human exposure to cadmium occurs through metal industries, contaminated food, air pollution and cigarette smoking [3] [4] [5] .
In 1817, it was first proposed by Friedrich Stromeyer (Göttingen, Germany) that cadmium intoxication can cause damage to kidney, bone, and lungs [6] .
Accumulation of cadmium occurs mainly in the kidney leading to nephrotoxicity. Cadmium circulates in the blood either in the free form or bound to various carrier proteins such as albumin, glutathione and metallothioneins (MTs) [7] .
Free form of cadmium causes the formation of reactive oxygen species (ROS) in the renal cells and induces apoptosis [8] . Renal toxicity primarily damages the initial parts of the proximal tubules especially the S1 and S2 segments [9] [10] .
Damage to the proximal tubules results in glucosuria, proteinuria and aminoaciduria.
After filtration from the glomerulus, free form is transported by zinc transporter and divalent cation transporter 1 (DCT1) [11] [12] [13] [14] . Some of the free form is taken care of by other cation transporters like that for calcium and ferrous ions [15] . The bound forms of cadmium utilize the receptor-mediated endocytosis pathway [16] and amino acid transporters [17] for moving across the apical membrane. Zalups proposed that the principal pathway for cadmium entrance into the renal tubular cells may be through the organic cation transporters (OCTs) in the basolateral membrane tubular cells [13] .
The cytotoxicity of cadmium results largely from its free form as has been evidenced in many in vitro studies [18] [19] [20] [21] . Quamme [22] in his study showed that in the renal MDCK epithelial cells, the free cadmium is transported into the intracellular space across the membranes, which support the probability of accessibility of CdZ+ for the intracellular milieu and the ability to react with sensitive sites in the renal tissues. Furthermore, Goyer and his co-workers [23] demonstrated in their study that nephrotoxicity might be induced by divalent CdZr, and that basolateral Cd uptake may significantly contribute to the total renal burden of Cd under certain conditions [24] .
In the diet of Mediterranean area, Olive oil is considered the fundamental source of dietary fat, and different useful effects on the human body health are resulted from its steady consumption [25] . Extra virgin olive oil is well recognized for its antioxidant properties, hypotensive, hypoglycaemic, cardiovascular and hepatoprotective effects [26] . It is also known for its anti-microbial and anti-inflammatory properties [27] . The monounsaturated fatty acids (MUFA) especially oleic acid, which constitutes 70% -80% of total fatty acids, may be instrumental in the favourable effects of olive oil on the cardiovascular system [28] . Phenols present in the olive oil are potent antioxidants and scavenge free radicals and inhibit low-density lipoprotein (LDL) oxidation [29] . Olive oil contains a wide variety of antioxidants such as vitamin E, oleocanthal, carotenoids and especially oleuropein which pre- [30] .
One of the studies done by Mohammed et al. (2014) concluded that administration of virgin olive oils and nigella sativa improved the abnormalities in the oxidative antioxidant parameters and the altered biochemical markers and ameliorated organ damage caused by cadmium toxicity in rats [31] . Amamou et al. (2015) in their study found the protective effect of Olive oil or colocynth oil consumption on the rat liver against Cadmium-induced injury and attributed the effects due to the reduced oxidative stress and the enhancements of antioxidant enzymes activities [32] .
The experimental demonstration of the protective activities of olive oil against cadmium-induced nephrotoxicity is lacking. This study aims to investigate the postulated protective properties of olive oil in Cadmium-induced renal toxicity in mice by utilizing standard biomarkers of renal toxicity, oxidative stress and histopathological characterization.
Materials and Methods

Mice
We used Male Swiss albino mice, of almost the same age (~2 weeks) and weight 
Chemicals
Cadmium in the form of CdCl 2 was purchased from Sigma-Aldrich (St. Louis, MO, USA). Extra virgin olive oil (EVOO) was purchased from the local market in Sakaka city, Aljouf, KSA. Urea and creatinine kits were purchased from Biovision, USA. The other chemicals were purchased from Sigma (St. Louis, MO, USA).
Experimental Design
Forty mice with average weight of 20 -30 g at the start of study were used in this experiment. The study was conducted in the Department of Pathology, College of Medicine, Aljouf University. Mice were randomly divided into four groups with 10 rats in each group.
Group 1: Animals were given distilled water orally at a daily dose of 2 mL/kg body weight for 28 days, and served as the control group.
Group 2: Animals were given extra virgin olive oil orally at a daily dose of 2 mL/kg body weight for 28 days [33] . 
Sample Preparation
Mice were fasted for 12 hours overnight at the end of the study period, and all the mice were sacrificed by cervical dislocation under the effect of anaesthesia of diethyl ether. The samples of blood were gathered from the mice and stored until biochemical analysis at −70˚C. Ice cold saline buffer (20 mM Tris-HCl, 0.14 M NaCl buffer, pH 7.4) was used to rinse the kidney after its removal and weighing, and then a Potter Elvehjem homogenizer was used to homogenize it in the same minced solution. Lipid peroxidation assay was done immediately using the homogenate tissue, and homogenate aliquots were kept for further biochemical analysis.
Biochemical Assays
Blood Creatinine and Urea Levels Estimation
Trinder (1969) [35] method was used for assaying creatinine and urea levels utilizing the commercial diagnostic kits.
Measurement of Renal Oxidative Markers
The method of Aebi (1984) [36] 
Histopathological Examination
Mice kidneys were immediately immersed in 10% neutral buffered formalin solution and kept for 24 hours followed by 70% ethanol wash. Then tissue pieces were dehydrated by using ascending grades of alcohol and finally paraffin embedding was done. Sectioning was done using a rotary ultra-microtome, and sections were dried overnight. Finally, sections were stained with haematoxylin and eosin (H & E) dyes and slides were observed under a light microscope. All histological slides were analysed by Leica micro imaging systems DMD 4000, USA.
Statistical Analysis
The collected data from the experiment were presented as mean ± SD value. The The mean differences between the studied groups for each parameter were separately analysed using one way analysis of variance (ANOVA) followed by Student-Newman-Keuls test and this is after ascertaining the homogeneity of variance between treatment groups by Bartlett's test. Values of p ≤ 0.05 were considered of statistical significance. Table 2 showed that blood urea and serum creatinine levels have significantly increased in G3 compared to G1 and G2, (p ≤ 0.05). After administration of EVOO with Cd in group 4, the levels of those markers significantly improved compared to Cd group (G3) (p ≤ 0.05). Table 3 showed that the antioxidant markers (e.g. CAT, SOD and GPx) levels have significantly decreased in G3 compared to G1 and G2, while MDA has significantly increased compared to those groups (p ≤ 0.05). After administration of EVOO with Cd in group 4, the levels of those markers significantly improved compared to Cd group (G3) (p ≤ 0.05), however they do not reach the normal levels of the control groups (G1 and G2).
Results
Effect of Cadmium (Cd), Extra Virgin Olive Oil (EVOO) on Body and Kidney Weights
Effect of Cadmium (Cd), Extra Virgin Olive Oil (EVOO) on Renal Function Tests
Effect of Cadmium (Cd), Extra Virgin Olive Oil (EVOO) on Kidney Oxidative Markers
Histopathological Findings
Histopathological examination of the renal tissue from control group (Figure 1) and the olive oil group (Figure 2) showed normal renal architecture whereas Cadmium group showed severe congestion of the renal blood vessels and severe damage of glomeruli, inflammatory cell infiltrate, and widening of glomerular space (Figure 3 (a) and Figure 3(b) ). EVOO + Cd group depicted nearly normal renal architecture with little inflammatory cell infiltration (Figure 4 ).
Discussion
Cadmium (Cd) is one of the common toxic agents that belongs to the heavy metal group. In the humans body, respiratory tract irritation and pulmonary oedema might occur after inhalation of Cd, while bone fractures, renal dysfunction, osteoporosis and anaemia often occurred after chronic Cd exposure [42] .
The molecular mechanism accountable for the toxic effects of Cd has not so far been entirely elucidated but it has been proposed that the formation of reactive oxygen species (ROS) leads to oxidative damage in various tissues with consequent loss of function of the membrane [43] . Long-term exposure to Cd causes derangement of antioxidant system with inhibition of antioxidant enzymes. Many studies proved that the oxidative stress was the major instigator of the toxic effects of cadmium in the kidneys [44] . In this study,
we tested the toxic effects of cadmium on kidney. Furthermore, we evaluated the role of EVOO as an antioxidant to recover the tissues from the toxic effects of cadmium. By the end of our experiment, the body weight of the animals was determined in grams and it was found that the control group mice (G1) gained some body [45] who found that Cd administration to a group of mice caused weight loss. Cadmium binds to sulfhydryl groups and leads to structural distortion of proteins [46] . The ability of EVOO to reduce cadmium effect on body weight is reasonable since EVOO contains many components that have been shown to be fundamental for more than hundreds of the enzymatic reactions and also fundamental for the function and structure of a great proportion of macromolecules [47] [48].
Creatinine is produced in the kidney, liver and pancreas where it is phosphorylated and transported to the brain and muscle tissue [49] . This study demonstrated that serum creatinine and urea were significantly increased in Cd treated group than in control group. These findings are similar to the findings of many [47] reported that the nutrigenomic effects of the polyphenol-rich watery (hydrophilic) components on the body's own antioxidant network are mainly associated with the protective effects of olive oil against oxidative damage. The polyphenol-rich hydrophilic fraction of olive oil appears to be effective in decreasing oxidative stress induced by toxins.
Conclusion
The kidney is considered as one of the major target organs affected by Cadmium toxicity. Cadmium can accumulate in the kidneys and cause severe tissue damage, as was observed from the results in our study. Our results demonstrated that Cadmium increases the oxidative stress by depleting CAT and inhibiting the activities of antioxidant enzymes. The treatment with EVOO significantly protected the Cadmium-induced oxidative stress. The study suggests that EVOO can be used as a cost effective safe anti-oxidative agent in the prevention of Cadmium toxicity.
